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Nutrient Levels and Growth of Filamentous Algae in an Oklahoma Stream Receiving Effluent
from a Wastewater Treatment Plant
Steven W. O'Neal and Caleb Murrow
Department of Biological Sciences
Southwestern Oklahoma State University, Weatherford, OK 73096
INTRODUCTION

Results: Effluent impact on stream water

Results: Algal Response to Effluent Additions

Nitrogen and phosphorus have been identified as the most common stressors for streams in the United
States (USEPA 2006). In the Southern Plains ecoregion, 48% of streams have high total phosphorus levels
and 36% have high nitrogen levels compared to reference streams (USEPA 2006).

Effluent release into Little Deep Creek did not significantly alter w ater tem perature, dissolved oxygen, or pH.
Conductivity was significantly lower in the effluent than in the receiving w ater and resulted in a reduction at the the
D1 site (Table 1). Reduction in conductivity at the D2 and D3 sites suggest that inflow from tributaries was diluting
the stream w ater at these downstream sites (Table 1 & Fig. 1).

Nutrients in the upstream w ater supported m oderate growth rates for both C. glom erata(?) [0.120 ± 0.008 d 1]
and S. grevelliana(?) [0.121 ± 0.008 d 1] (Fig. 3). This suggests that nutrient levels are likely not significant
limiting factors for algal growth in the stream.

Sources of elevated nitrogen and phosphorus in streams may include both nonpoint and point sources
(Waiser et al. 2010), but waste w ater treatm ent plant (WWTP) effluent has been found to account for
50-90% of nutrient inputs in watersheds around the world (Haggard et al. 2005). Nutrient levels may
remain elevated for distances of 10 to 85 km downstream of WWTP discharges (reviewed by Carey and
Migliaccio 2009).

Table 1. Physical/Chemical conditions a t the stream sample sites and for the
WWTP effluent. Values are m eans ± standard deviations.

Source
Upstream
Reference
WWTP
Effluent
Downstream

Elevated levels of these nutrients lead to eutrophication of stream ecosystems (USEPA 2006).
Eutrophication has been shown to increase growth of algae, reduce w ater clarity, result in harmful diel
fluctuations in dissolved oxygen and pH, and increased probability of fish kills (reviewed by Smith et al.
1999). Growth of the green alga, Cladophora, has often been associated with elevated nutrients and
eutrophication (Dodds and Grudder 1992; Ensminger et al. 2000). However, the impacts of stream
eutrophication on Cladophora and other filamentous algae have not been closely investigated (Dodds and
Grudder 1992; Stevenson et al. 2006).

Downstream
2
Downstream
3

W ater
Tem perature (C)

D issolved 0 2
(m g/L)

Conductivity
(pS)

PH

13.7 ±7.6

12.9 ±3.2

1266 ±168a

8.05 ±0.09

15.4 ±4.6

9.9 ±1.1

826 ± 66B

8.02 ±0.18

14.5 ±6.2

11.2 ± 1.9

1075 ±107A

7.83 ±0.41

14.5 ±8.9

12.7 ±3.0

887 ±169B

8.28 ±0.16

16.3 ±10.3

13.5 ±2.6

769 ±135B

8.50 ±0.30

Effluent additions did significantly affect growth rates of both filamentous algae. C. glomerata(?) exhibited a
40% reduction in growth rate when grown in 100% effluent (Fig. 3). Effluent dilutions of 25% and 50% yielded
growth rates that were not different than in upstream water. Increased growth of C. glomerata(?) was only seen
at 10% effluent which yielded a 27% increase in growth rate. Growth rates of S. grevelliana(?) were significantly
increased at all effluent dilutions with a 37% increase in growth m easured at effluent dilutions of 10, 25, & 50%.
The 100% effluent treatm ent resulted in only a 27% increase.

STUDY GOAL
The purpose of this study was to investigate the effects of effluent from a WWTP on the nitrogen and
phosphorus levels in the downstream w ater of Little Deep Creek, Custer county, OK. In addition, the
potential effects of effluent on growth of tw o filamentous algae resident to the receiving stream were
evaluated.

MATERIALS AND METHODS
Water and Effluent Analysis. We collected triplicate samples at each of the four Little Deep Creek stream
sites (Fig. 1) and WWTP effluent on three dates (January 23, March 12, & April 02, 2012). Water
tem perature, dissolved oxygen, conductivity, and pH were m easured with a YSI Multi Probe System
(Model 556) at the stream sites and effluent release point. After filtering samples through W hatman 42
filter paper, nitrate-N, ammonia-N, and total-P was determ ined using Hach test procedures and DR 2700
spectrophotom eter.
Algal Growth Experiments. We evaluated the potential effect of WWTP effluent on growth of two
filamentous algae (Cladophora glomerata(?) and Spirogyra grevelliana[?]) that had previously been
isolated from Little Deep Creek. The algae were grown for two weeks in batch cultures containing filtersterilized (0.4 pm) effluent diluted with filter-sterilized stream water. Growth cham ber conditions were
25°C and 150 pmoles photons x nv2 x s'1. Growth rate was measured as change in dry mass of algae in 4
replicate cultures per dilution treatm ent. Statistical analysis was carried out using ANOVA and Fisher's
PLSD post hoc test (p = 0.05) run on the Statview statistics package.

Effluent impact on stream nutrients
Water upstream of the effluent release was relatively high in nitrogen and phosphorus: nitrate-N averaging 1.63 ±
0.42 mg/L, ammonia-N averaging 0.033 ± 0.042 mg/L, and total-P averaging 0.065 ± 0.027 mg/L (Fig. 2). Effluent
nutrient levels were significantly g reater than in the receiving stream: nitrate-N levels averaging
11.93 ± 4.15 mg/L, ammonia-N levels
averaging 0.33 ± 0.44 mg/L, and total-P
averaging 2.40 ± 0.68 mg/L (Fig. 2). Effluent
concentrations of nitrate-N and total-P were
highest in the April samples when effluent
tem perature was high. In contrast,
ammonia-N concentrations were highest in
January, suggesting that nitrification was
inhibited by the low tem perature at this time
(10°C).
Levels of nutrients tended to decrease at
greater distances downstream of the effluent
release. However, at 8.75 km downstream
(D3 site) levels were still significantly
elevated (Fig. 2). Nitrate-N was 117% greater
than the upstream w ater at the D3 site .
Total-P was still nearly 800% higher at the D3
site than at the upstream site.

Figure 3. Growth rates of Cladophora glom erata(?) and Spirogyra
grevelliana(?) in upstream w ater and in effluent dilution treatm ents.
Bars represent means of four replicates and error bars represent one
standard deviation.

Conclusions
Our results indicate th at elevated nutrients caused by effluent release could potentially cause m oderate
increases in filamentous algal growth in Little Deep Creek. Comparison of C. glom erata(?) and S. grevelliana,
both resident species in the stream , indicate th at different species may respond uniquely to the effluent
addition. For example, C. glomerata might only show growth stimulation at greater distances downstream
from the effluent release site and may be inhibited close to the effluent release. Growth of S. grevelliana, in
contrast, would be stimulated at all effluent levels.

Conclusions
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Figure 1. Aerial photograph of Little Deep Creek that receives effluent from the
W eatherford, OK (population 11,000) w astew ater treatm ent plant (permitted effluent
release of up to 7571 m3/d). Effluent release occurs 0.07 km upstream of the D1 sample
site. Sites D2 and D3 are located 3 km and 8.75 km respectively downstream of the
effluent release. A reference site was located 0.07 km upstream of the effluent release.

Figure 2. Nutrient concentrations m easured at the upstream reference
site, in the WWTP effluent, and at the three downstream sites on the
th ree sample dates in 2012. Bars represent means of three samples and
error bars represent one standard deviation.
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